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SPKT AND HYPERBOLIC (?) COMETS 

Wliipple's paper ”Do Comets Play a Role in Galactic Chemistry and y-Ray Bursts? 
was published in the Astronomical Journal, vol. 80, no. 7, July 1975. His paper "A 
Speculation About Cornets and the Earth" was presented at the Twentieth Liege Inter- 
national Astrophysical Colloquium at Liege, Belgium cm 19 June 1975, and will soon 
appear as a Center for Astrophysics Preprint. It will eventually be published in the 
Liege Colloquium volume. An abstract is attached (see Addendum I). Work on this 
intriguing subject is postponed because of other research and writing commitments, 
some mentioned below. 

With W- F. Huebner, Wliipple is completing a Chapter entitled "The Physics of 
Comets" for Reviews of Astronomy and Astrophysics (1976), which will appear as a 
Preprint from the Center for Astrophysics. 

His earlier I’eported paper on "Criteria for the Identity of Comet Orbits" with 
M. Lecar is lunder preparation and will first appear as a Preprint of the Center for 
Astrophysics. 

Whipple's research on split comets continues and will soon be presented in a 
three-part series of papers tliat will feature; 

a) A report on the study of the phenomena of split comets, showing that gravi- 
tationally double comets are an unlikely cause for those not tidally disrupted and that 
jet-action "spin-up" appears to be the most lilteiy of the intrinsic splitting mechanisms 

b) A report on the study of split-comet criteria among the orbits of parabolic 
and very long-period comets with inclinations in the range 79° to 100°. 

c) An analysis of E, J. Opik's comprehensive study "Comet Families and 
Transneptunian Planets " (Irish Astronomical Journal, vol, 10, pp. 35-92, 1971). 

By statistical methods, Opik proves to his satisfaction that most very-long period 
comets occur in a number of orbitaliy associated groups that must have involved 
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either multiple comet splitting or large original cohesive groups in the Opik— Oort 
cloud. Whipple is finding by the Monte-Carlo method of statistics and by probability 
theory that much of bpik's statistical evidence is imtrustwortiiy. 


F. L. Whipple 
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ORBITAL CALCULATIONS 


Further calculatlcms have been made on the nongravitational forces affecting 
short-period comets, notably P/Westphal, a comet having a period of some 62 years 
that was observed in 1852 and 1913 and that should now be about to retiim. Since the 
comet hided out before reacl\lng perihelion in 1913 tliere is some doubt as to whether 
it will now in fact be observed. Considerable difficulty lias been experienced in 
linking the 1852 and 1913 observations, bolh without and with recourse to nongravita- 
tional terms in the equations of motion. It is not yet clear whether this difficulty is 
peculiar to this comet (perhaps because of its fade-out) or a potential problem with the 
other periodic comets (e.g. , P/Halley) that have periods of 60 years and more. The 
availability of recerJily measured positions of P/Pons-Winnecke, P-Grigg-Skjellerup, 
and P/Honda-Mrlcos-Pajdusakova has made it possible for us to extend the earlier 
calculatlcais of the nongravitational forces on those comets. 

Together with Z. Seluinina, B. G. Mars den lias continued the determinations of 
improved orbits for long-period comets. During the six montlis ending 13 August 
1975, they derived orbits for comets 1844 HI, 1895 IV, 1937 IV, 1948 I, 1955 V, 

1966 n, 1967 n, 1972 Vm, 1972 K, 1972 XU, 1973 II, 1973 VH, 1973 X, and 1974b. 

B. G. Marsden 
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INTEIiSTELlAR COMETS 


Z. Solcanlna completed his work on the probability theory of encounters with 
interstellar comets (Sokanina, 1975a) and submitted the paper for publication in Icarus. 
The results of the investigation were presented at tlie 146th meeting of the American 
Astronomical Society, held at San Diego, California, in August 1975 (Sekanina, 1975b; 
see Addendum n). 

NUCLEAR PROPERTIES PROM ANOMALOUS TAlIS AND BAND STRUCTURES 

IN DUST TAIIB 

Sekanina has further advanced his study of the emission processes of large dust 
particles from comets. The prelimina:ty results of his statistical investigation of 
anomalous tails {antitails), which are composed of the large particles, were presented 
at the lAU Colloquium No. 31 on Interplanetary Dust and Zodiacal Light, held at 
Heidelberg, Goianany, in June 1975. Also part of this research was Seltanina's August 
trip (connected with liis travel to die American Astronomical Society meeting at San 
Diego) to the Lunar and Planetary Laboratory of the University of Arizona at Tucson, 
Arizona, where images of a number of comets from Dr. E. Roemer's collection of 
photographic plates were examined for potential displays of antitails. The results of 
the inspection in regard to periodic Comet Encke were incorporated in the written 
version of the Heidelberg paper and will appear in the Colloquium's Proceedings 
(Sekanina, 197 5c; see Addendum HI). Work on this whole subject is still continuing 
and is expected to result in a number of papers. 

While dust tails are usually structureless, a few comets did display temporary, 
nea.rly parallel bands of light in their dust tails. These structures may retain 
important information on the material they are composed of and thus on the solid com- 
ponent of the cometary nucleus. Unfortunately, comet photographs showing such forma- 
tions in the dust tails are extremely rare. Tlirough a good deal of correspondence and 
personal contacts, however, Sekanina gathered sequences of photographs of two comets, 
where the development of the band structures was observed most completely: Comet 
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Mrkos 1957 V (1957d) and the Great January Comet 1910 I (1910a). It is judged that 
the essential information can he derived from the study of the motions of the bands 
through the tail. Since none of the photograplis was photometrically calibrated, the 
intensity distribution in tlie bands cannot l>e determined. The available photographic 
material consists in part of loaned originals, in part of copies, some of them gained, 
some on loan. The photographs of Comet Mrkos come from tlie following observers; 
John A. Farrell, now at tlie Los Alamos Scientific Laboratory, Los Alamos, Now 
Mexico, who photographed the bands at Fort Worth, Texas, on 1957 August 14. 1, 15. 1, 

16. 1, and 17. 1 (UT) with a 19-cm f/1. 5 Sclimidt camera using a Royal Pan film; 

Alan McClure, Hollywood, California, observing from Frazier Mountain, near Frazier 
Park, California, on August 10. 2, 11,2, 12.2, and 14. 2 with a 10-cm f/5 camera and 
using 103a-E plates and a filter; and Henry L, Giclas, Lowell Observatory, Flagstaff, 
Arizona, who used the Observatory's 33-cm f/5. 1 astrograph and an 103a-0 plate on 
August 16.2. The photographs of Comet 1910 I (not calibrated, either) were obtained 
by C. O. Lampland, Lowell Observatory, with the Observatory's Voigtlander 3. 7-cm 
f/5. 4 camera on two different emulsions, and copies of the plates from 1910 January 

27. 1, 28. 1, 29. 1, and 30. 1 (UT), showing the bands, were acquired courtesy of 
Mr. Giclas during Seltaniaa's stay at the Observatory in August (after the meeting at 
San Diego). Also available are copies of other plates of Comet 1910 I, taken with a 
Brashear doublet 12. 7-cm f/7 canlera between January 27 and 30, and showing an 
antitaii. It is expected that a significant fraction of Seluinina's next research period 
would be spent on the photographic material of the two comets. 
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ADDENDUM I 



no COMETS PLAY A ROLE IN GALi\CTIC CHEMISTRY 
AND y-IUY bursts? 

Frocl h. Whipple 
Center for AstrophvElcs 

Harvard Collogo Obser\>ator\' and Smitlisonlan Astroplivslcal Obsowatoi‘y 
Cambridge. Massachusetts 02138 

This paper explores the plausibility of the assumption that enough mate- 
rial from interstellar space Is lochud up in comets to reduce significantly the 
apparent growth rate of "heavy" elements (mass greater than II ) and, there- 
fore, the present abundance of heaw elements in the interstellar medium and 
in the disk stars. A related suggestion concerns the influx of comets on 
neutron stars as a source of y-ray bursts. Although no interstellar comets 
have been observed, reasonable upper limits to the observed numbers and 
masses do not rule out the first suggestion. The y-ray-burst suggestion 
appears unlikely. A suipiisingly large total mass of comets could be gra\d- 
tationally bound to the Sun and, of course, to other stars, but remain undetected. 
The nature of the 1908 Tunguska explosion is discussed briefly. It was prob- 
ably not an encounter with an active comet. 
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THE 146TH MEETING OF THE AMERICAN ASTRONOMICAL SOCIETY 
HELD 18-21 AUGUST 1975 AT SAN DIEGO, CALIFORNIA 

Abstracts of Papers Presented 

(Numbers preceding abstract titles indicate; session, sequence of presentation, and category.) 


WEDNESDAY, 20 AUGUST 
Session Rooms KLMN, 0915-1215 


3^.06.02 On tlie Cxtiit e ncR of liiturHCntlnr Connitu 
a nd tho Prn|>nh(Utv ot I'liolr tneuimt>*f with clia Sun . 

Z. SaVt-inliM, Cen ter fur rttitroptivnteit . - A 
thenry ia foruiulatcil uHtabiliihlng tlio relation nBon« 
the ap.icu dunalty oC IntorocoLlur consaco. their InCluK 
rate to tha Obaorvalilc region at tha aoliir syatun, the 
degree of dlnparaton III the MnicwelUnn lUutrlbutlun ol 
comet vclocltloa in the inCuruccllar cloud, and tha 
cloud'n ayiitcB.itlc valoclty relative to the aim. The 
theoretical cxprcnulon fur the probability of encounter 
of thu »un vltit an Inturatullor comet la then combined 
with the obHorvud nbaonce of otcani>,Ly hyperbolic comet 
orbtta to deternlna an upper Halt of 0 v lO'** aolar 
tnaaisca per cubic piiraec, or A * lO"'® g cn"^, for tho 
apace dunalty of intcratellar ctmeco. The distribution 
of scmltiuijor axea among the orbits of IntnratcUer cob> 
ecu relntlvo to tho sun, calculated from thu modeL, 
Indicates that ii otrong hyperbolic nxeesa Dust bo typi- 
cal for an overwhulislng majority of Inceratcllar comuto 
regardless of the dynamical behavior of the eoaetary 
cloud, except when thu cloud foUoua tha motion of the 
Bun and the ‘dlaperalon of Individual velocltlea la very 
low. Thls-caae, however, becomes the problem of on 
Oort-type cloud, alnce It (npllea a posalblUty of cap- * 
ture by the nun- Thin research was supported by grnnt 
ttSC 70SZ from the Nntlonal Aeronautics and Space 
Administration. 
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To appear in 

Interplanetary Dust and zodiacal Liyht 
Proceedings from lAU Colloquium No. 31 
Heidelberg, Germany, 10-13 June 1975 


PREDICTED FAVORABLE VISIBILITY CONDITIONS FOR ANOtiALOUS TAILS OF COMETS 

, Zdenek Sekanina 

Center for Astrophysics 

Harvard College Observatory and Smithsonian Astrophysical Observatory 
Ccimbridge, Massachusetts 02138, U.S.A. 

It \ras shown elsewhere (Sekanina, 1974) that the observability 
from the earth of an anomalous tail (antitail) of a comet can be rather 
straightforwardly predicted from the dynamical and geometric conditions. 
The physical presence or absence of the antitail ah a precalculated time 
is then a measure of the comet's production rate, at the relevant emis- 
sion times, of relatively heavy dust particles (mostly of submilliraeter 
size) that constitute such an antitail. Because the large grains are e- 
mitted from the nucleus at very low vdlocities (typically meters or tens . 
of meters per second) , an antitail is essentially a two-dimensional for- 
mation in the orbit plane of the comet and can be recognized best when 
projected edge-on, i.e. , v;hen the earth crosses the nodal line of the 
comet's orbit. In general, however, this condition is not essential for 
the recognition of antitails (cf., e.g.. Comet Kohoutek 1973 XIX). 

Since the emission .rate of heavy dust particles is a potentially 
significant parameter for a physical classification of comets, we made 
use of the visibility conditions to list the comets that should have dis- 
played a sunward tail around the time of the earth's passages through the 
orbit plane. This type of the antitail observability will be termed the 
nodal appearance. A computer program e.xecuting the conditions for a no- 
dal appearance was applied to the Catalogue of Cometary Orbits (Marsden, 
1975), starting v;ith the comets of 1737. However, we excluded all comets 
that were at the critical times located near the antisolar point in the 
sky (elongations exceeding 135“), vfhere the definition of the sunward di- 
reebion becomes meaningless. We also excluded all cases at heliocentric 
distances larger than 2 AU in order hot to confuse the antitails v^ith the 
icy tails (Sekanina, 1973, 1975) that arc observed far from the sun and 
point fairly frequently in the general direction of the sun. 
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The* statistics of tlie nodal appoarancos of antitails of commits, 
vdiosc conditions were satisfied v/ithin, or not more than 5 days outside, 
the period of observation, arc listed in. Table I, separately for nearly- 
. parabolic comets (revolution periods more than 200 years) and for short- 
period comets. The calculations were done for dust particles with a ra- 
tio l“|j of radiation pressure to solar gravity of 0.01 (knovm to be com- 
mon in observed anhitails) and for two different starting emission times. 
Whereas the choice of 1-p is not crucial, Table I shows that the time of 
onset of dust production affects the statistics substantially. The com- 
ets with a sunv/ard tail reported to have been detected near the predicted 
time are listed in Table II, where columns 2 to 4 give, respectively, the 
perihelion distance, the reciprocal value of the original semimajor axis- 
(for P/Encke the revolution period) , derived from Marsden (19’i'5) and from 
Everhart and Raghavan (1970) , and the absolute magnitude (Vsukhsvyatsky, 
19S8) . v;e remark that with the exception of 1937 IV the comets have per- 
ihelia well inside the earth's orbit, and that apart from the controver- 
sial case of P/Encke (see details belov;) the comets' revolution periods 
are longer than 7000 years and their absolute magnituflfiss brighter than 8. 

Table I points consistently to a conclusion that only about 20 to 
30% of the nearly-parabolic comets that should have displayed an antitail 
at the node vfere actually observed to do so.* indeed, if we count only 
■••.he comets v/ith nearly-ideal observing conditions, the figure is 22% for 
. the onset of emission at 4 AU and increases to 30%, if the condition is 
relaxed to 2 AU. If v/e count all comets that were observed near the 
node, the fraction of positive observations is lower, as can be expected^ 
but not very substantially; we find 19% for 4 AU emissions and 23% for 
2 AU emissions. 

The results are dramatically different for short-period comets. 
Although there were numerous opportunities for observing a nodal appear- 
ance of an antitail, we do not yet have a single clearly positive obser- 
vation. The only promising case so far is that of P/Encke in 1964, for 
v/hich Roemer (Roemer and Lloyd, 1966) secured a pair of plates only 2.5 
days after the earth's nodal passage; the comet v/as 88 days after peri- 
helion. A close inspection of the plates by Dr. Roetnar and the writer 
revealed two extensions emanating from the weak;^ nearly -stellar image of 
the comet in the opposite directions, one of them pointing right tov/ard 
the sun. Although this sunward tail does not, in the writer's opinion, 
resemble the gas jets, frequently observed in P/Encke before perihelion, 
there is still no more than a 50% chance that it. is a true antitail. 
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. A 


Tho qcnurnl abucncc of antitails among the shor t~i>or io J comots ap- 
pears to be incompatible with the existence of meteor streams known to be 
ossociated with many of these conets. Unfortunately, at their observed 
returns, the parent comets of the throe spectacular-storm producing me- 
teor streams — P/Biela, P/Glucobini-Zinnor andP/Tempel-Tuttle — were 
never placed favorably enough for a nodal appearance of an antitail. 

And, of all the other comets known to be related to meteor streams, only 
.wo had such very favorable apparitions: P/Encku in 1878, 1888 and 1964, 
and P/Pons-Winnecke in 1909, although P/Pons-Winnecke is not apparently 
associated with a permanent stream (Cook, 1973) . The other comets with 
favorable conditions were P/Tcmpel 1 in 1867, P/Finlay in 1919, P/Kopff 
in 1945, P/Grigg-Sk jellcrup in 1947, and P/Schauraassc in 1952 and 1960. 
Streams that could be associated with P/Finlay or P/Grigg-Sk jellurup have 
never been reported; the other come.'s have perihelia well beyond 1 AU. 

With one doubtful and two negative results in the three nearly- 
idcal returns, P/Encke presents probably the most solid evidence to date 
against the positive correlation between the antitails and the meteor 
stre^u;^s. In order to obtain more data, positive or negative, on the oc- 
currence of the antitails, wc investigated their visibility conditions in 
the future returns of the short-period comets. Among 166 returns of 60 
comets with perihelia within 2 AU betv/een 1976 and 1999 (orbital elements 
courtesy of Dr. Marsden) , the following instances — most of them outside 
nodal arras - are considered as most significant: P/d'Arrest in 1976/77, 
P/Enckc in 1977 and 1987, P/Schwassmann-V7achnann 3 in 1979, P/Honda-Mrkos- 
Pajdusakova in 1980, P/Grigg-Sk jellerup in 1982 and 1987, P/Crommelin in 
1984, P/Pons-Winnecke in 1989/90, and P/Giacobini-Zinner in 1999. 

This work was supported by grants NGR 09-015-159 and NSG 7082 from 
the National Aeronautics and Space Administration. 
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